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(57) ABSTRACT

An optical-electrical transmission connector having resis-
tance to optical axis misalignment, having small loss, easily
increasing the number of buses, and capable of being formed
of a commonly-used matenal 1s provided. In a male connec-
tor, one collimating lens facing the other collimating lens
when connecting the male connector to a female connector 1s
arranged, and a light guide 1s arranged corresponding to the
focal point of the one collimating lens. A positioning section
1s arranged corresponding to surroundings of the one colli-
mating lens, and the positioning section has one inclined
surface coming into contact with the other inclined surface
when connecting the male connector to the female connector.

12 Claims, 9 Drawing Sheets
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OPTICAL-ELECTRICAL TRANSMISSION
CONNECTOR, OPTICAL-ELECTRICAL
TRANSMISSION DEVICE AND ELECTRONIC
DEVICE

CROSS REFERENCES TO RELATED
APPLICATIONS

The present mvention contains subject matter related to
Japanese Patent Application JP 2008-020737 filed in the
Japanese Patent Office on Jan. 31, 2008, the entire contents of
which being incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an optical-electrical trans-
mission connector, an optical-electrical transmission device
and an electronic device suitably applicable when communi-
cation between one device and the other device 1s performed
by optical transmission.

2. Description of the Related Art

Signal transmission between semiconductor chips such as
LSIs (Large-Scale Integrations) has been heretofore per-
formed by electrical signals through a board interconnection.
However, a necessary data exchange amount between semi-
conductor chips has pronouncedly increased with a recent
increase in the functionality of MPUs (Micro Processing
Units), thereby as a result various high-frequency issues
OCCUL.

Typical examples of the 1ssues include RC (Register and
Capacitor) signal delay, impedance mismatching, EMC
(Electro Magnetic Compatibility)/EMI (Electro Magnetic
Interference), crosstalk and the like. To overcome such 1ssues,
measures such as the optimization of interconnection
arrangement, the development of new matenals have been
taken in related arts.

However, 1n recent years, effects by the optimization of
interconnection arrangement, the development of new mate-
rials and the like have been hampered by physical limitations,
and to achieve higher functionality of a system, 1t 1s necessary
to reconsider a board configuration designed for simple
mounting of semiconductor chips. For example, fine-pitch
interconnection coupling by formation of a multichip module
(MCM), electrical interconnection coupling by two-dimen-
sional sealing and integration of various semiconductor chips
and three-dimensional coupling of semiconductor chips
which will be briefly described below have been developed.

Fine-Pitch Interconnection Coupling by Formation of a
MCM

High-performance chips are mounted on a mounting board
made of ceramic, silicon or the like, and the high-perfor-
mance chips are coupled by fine-pitch mterconnection. The
coupling method allows a reduction in an interconnection
pitch, thereby a data exchange amount 1s able to be remark-
ably increased by increasing a bus width.

Electrical Interconnection Coupling by Two-Dimensional
Sealing and Integration of Various Semiconductor Chips

Various semiconductor chips are two-dimensionally
sealed and integrated by using a polyimide resin or the like,
and the semiconductor chips are coupled on such an inte-
grated board by fine-pitch interconnection. The coupling
method allows a reduction 1n an interconnection pitch,
thereby a data exchange amount i1s able to be remarkably
increased by increasing a bus width.
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Three-Dimensional Coupling of Semiconductor Chips
Through electrodes are arranged on various semiconductor
chips, and the semiconductor chips are bonded together to
form a laminate configuration. Connection between semicon-
ductor chips of different kinds 1s physically shortened by the
interconnection method, so that 1ssues such as signal delay
are able to be avoided. However, 1t 1s necessary to consider an
increase in a heating value caused by laminating the semicon-
ductor chips, a thermal stress between the semiconductor

chips, and the like.

Moreover, to achieve higher-speed and larger-capacity sig-
nal exchange, optical transmission and coupling techniques
by optical interconnection has been developed (for example,
refer to Nikkei1 Electronics, “Encounter with optical intercon-
nections”, Dec. 3, 2001, p. 122-125, and NT'T R&D, vol. 48,
no. 3, p. 271-280 (1999)). When signal transmission between
semiconductor chips 1s performed by optical signals, the 1ssue
of RC delay which arises in electrical interconnection 1s pre-
vented, and the transmission speed 1s able to be remarkably
improved. Further, when signal transmission between the
semiconductor chips 1s performed by optical signals, 1t 1s not
necessary to take measures against electromagnetic waves,
thereby interconnection 1s able to be designed relatively
freely.

Techniques of optical interconnection between semicon-
ductor chips include various systems. Examples of the sys-
tems include an active mterposer system, a free-space trans-
mission system, an optical connector connection system, a
light guide embedding system, a surface mounting system

and the like which will be briefly described below.

Active Interposer System (refer to Nikkei FElectronics,
“Encounter with Optical Interconnections™, Dec. 3, 2001, p.
125)

This 1s a system of propagating signals to a light guide
mounted on a board interconnection. A photonic device such
as a light-emitting device or a light-sensing device 1s mounted
on a back surface of a transcerver module arranged on the
board interconnection with a predetermined gap 1n between,
and the photonic device is precisely positioned with respectto
a 45° total reflection mirror of the light guide. The system has
an advantage that the system 1s laid out on the mounting
configuration of an existing board interconnection.

Free-Space Transmission System (refer to Nikke1 Electron-

ed]

ics, “Encounter with Optical Interconnections”, Dec. 3, 2001,
p. 123)

This 1s a system of propagating signals by mounting an
optical interconnection board (quartz) on a back surface of a
board interconnection, and reflecting light zigzag 1n the opti-
cal interconnection board. When photonic devices are
arranged 1nto an array, and signals are transmaitted in a free
space 1n the optical interconnection board, the number of
channels 1s able to be increased to a few thousand channels 1n
principle. Moreover, to make optical axis alignment easier, a
hybrid optical system including a combination of a few lenses
1s formed. The system has advantages that multiplexing trans-
mission of a few thousand channels 1s able to be performed 1n
principle, and optical axis alignment 1s easily performed
because of the hybrid optical system.

Optical Connector Connection System (refer to Nikke1 Elec-

tronics, “Encounter with Optical Interconnections”, Dec. 3,
2001, p. 122)

This 1s a system capable of freely setting a light guide after
arranging an optical connector around a semiconductor chip,
and mounting the semiconductor chip. The system has advan-
tages that an optical axis alignment step of which the cost 1s
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high 1s not necessary because precision 1s secured by the
optical connector, an optical fiber 1s used as a light guide,
thereby intermediate-range transmission between intercon-
nection boards or the like 1s able to be performed, and the
system 1s able to be used on the mounting configuration of an
ex1isting interconnection board.

Light Guide Embedding System (refer to Nikkei1 Electronics,
“Encounter with Optical Interconnections”, Dec. 3, 2001, p.
124)

This 1s a system of directly bonding a photonic device to a
back surface of a semiconductor chip, and embedding a light
guide 1n an interconnection board. While the form of the
mounting configuration of an existing interconnection board
1s maintained, an optical interconnection i1s able to be
arranged. In this system, a microlens 1s used for optical path
coupling, and the allowable amount of optical axis misalign-
ment 1s able to be increased to a general mounting precision
level. The system has advantages that an electrical intercon-
nection path between the semiconductor chip and the photo-
nic device 1s able to be minimized, and optical axis alignment
1s performed with general mounting precision by coupling of
collimated light.

Surface Mounting System (refer to NTT R&D, vol. 48, no. 3,
p. 271-280 (1999))

This 1s a system of directly bonding a photonic device on a
back surface of a semiconductor chip, and directly mounting,
a light guide on an interconnection board. While the configu-
ration of an existing interconnection board 1s maintained as it
1s, an optical interconnection is able to be also arranged. The
system has advantages that an electrical interconnection path
between the semiconductor chip and the photonic device 1s
mimmized because the photonic device 1s directly mounted
on the back surface of the semiconductor chip, the configu-
ration 1s simple, costs are able to be reduced, and the system
1s able to be laid out on the mounting configuration of an
ex1isting interconnection board.

SUMMARY OF THE INVENTION

However, 1in an active interposer system, the configuration
1s large, so there 1s an 1ssue such that an interconnection board
with low rigidity 1s deformed by an external stress, thereby
optical axis misalignment easily occurs. In a free-space trans-
mission system, there 1s an 1ssue such that a signal propagates
by reflection 1n an optical interconnection board, so a wave-
form 1s easily disturbed, and propagation loss 1s large. In an
optical connector connection system, there 1s an 1ssue such
that an optical fiber 1s used as a transmission medium, so there
1s limitation on increasing the number of buses. In a light
guide embedding system and a surface mounting system, a
light guide 1s integrated with an interconnection board, so the
light guide 1s exposed to a high-temperature process such as
solder retlow or sealing with an underfill resin. Therefore,
there 1s an 1ssue such that as the light guide, 1t 1s necessary to
select a special material having resistance to the high-tem-
perature process.

Thus, 1n the systems 1n related arts, there are various issues
such that the optical axis misalignment easily occurs, the loss
1s large, there 1s limitation on increasing the number of buses,
and 1t 1s difficult to use a commonly-used material.

In view of the foregoing, it 1s desirable to provide an
optical-electrical transmission connector, an optical-electri-
cal transmission device and an electronic device having resis-
tance to optical axis misalignment, having small loss, easily
increasing the number of buses, and being able to be formed
of a commonly-used material.
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According to an embodiment of the invention, there is
provided a first optical-electrical transmission connector
being one optical-electrical transmission connector con-
nected to the other optical-electrical transmission connector.
The other optical-electrical transmission connector includes
one or a plurality of optical devices including at least one of a
light-emitting device emitting light to one direction and a
light-sensing device sensing light {from the one direction, and
one or a plurality of first collimating lenses 1n a light-passing
region where light emitted from or entering into the one or the
plurality of optical devices passes through. The other optical-
clectrical transmission connector further includes a first posi-
tioning section having a ring-shaped first inclined surface
arranged corresponding to surroundings of the first collimat-
ing lens when viewed from the one direction, and one or a
plurality of first electrical transmission electrode pads formed
corresponding to surroundings of the first inclined surface
when viewed from the one direction. The one optical-electri-
cal transmission connector (the first optical-electrical trans-
mission connector) includes one or a plurality of second
collimating lenses facing the first collimating lens 1n the one
direction when connecting the one optical-electrical trans-
mission connector to the other optical-electrical transmission
connector, and one or a plurality of light gmdes arranged
corresponding to the focal point of the second collimating
lens. The first optical-electrical transmission connector fur-
ther includes a second positioning section arranged corre-
sponding to surroundings of the second collimating lens, and
the second positioning section has a ring-shaped second
inclined surface coming into contact with the first inclined
surface when connecting the one optical-electrical transmis-
sion connector to the other optical-electrical transmission
connector. Moreover, one or a plurality of second electrical
transmission electrode pads coming into contact with the first
clectrical transmission electrode pad when connecting the
one optical-electrical transmission connector to the other
optical-electrical transmission connector are arranged corre-
sponding to surroundings of the second inclined surface.

According to an embodiment of the invention, there is
provided a second optical-electrical transmission connector
being one optical-electrical transmission connector con-
nected to the other optical-electrical transmission connector.
The other optical-electrical transmission connector includes
one or a plurality of first collimating lenses, and one or a
plurality of light guides arranged corresponding to the focal
point of the first collimating lens. The other optical-electrical
transmission connector further includes a first positionming,
section having a ring-shaped first inclined surface arranged
corresponding to the first collimating lens, and one or a plu-
rality of first electrical transmission electrode pads formed
corresponding to surroundings of the first inclined surface.
The one optical-electrical transmission connector (the second
optical-electrical transmission connector) includes one or a
plurality of optical devices including at least one of a light-
emitting device emitting light to the first collimating lens and
a light-sensing device sensing light from the first collimating
lens when connecting the second optical-electrical transmis-
sion connector to the other optical-electrical transmission
connector, and one or a plurality of second collimating lenses
arranged 1n a light-passing region where light emitted from or
entering 1nto the one or the plurality of optical device passes
through. The second optical-electrical transmission connec-
tor further includes a second positioning section arranged
corresponding to surroundings of the second collimating
lens, and the second positioning section has a ring-shaped
second inclined surface arranged so that when the second
optical-electrical transmission connector 1s connected to the
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other optical-electrical transmission connector, the second
positioning section comes 1nto contact with the first inclined
surface, and when the second position section comes 1nto
contact with the first inclined surface, the second collimating
lens faces the first collimating lens. Moreover, one or a plu-
rality of second electrical transmission electrode pads coming
into contact with the first electrical transmission electrode
pad when connecting the second optical-electrical transmis-
sion connector to the other optical-electrical transmission
connector are arranged corresponding to surroundings of the
second 1nclined surface.

In the first and second optical-electrical transmission con-
nectors, when the first optical-electrical transmission connec-
tor 1s connected to the other optical-electrical transmission
connector, the ring-shaped second inclined surface arranged
corresponding to surroundings of the second collimating lens
comes 1nto contact with the ring-shaped first inclined surface
arranged corresponding to surroundings of the first collimat-
ing lens, and the first positioming section and the second
positioning section {it into each other. Thereby, even if there
1s a shape error in the first positioning section and the second
positioning section, displacement between the central axis of
a region surrounded by the second inclined surface and the
central axis of a region surrounded by the first inclined sur-
face 1s able to be reduced. As a result, optical axis misalign-
ment between the optical axis of the second collimating lens
arranged corresponding to surroundings of the second
inclined surface and the optical axis of the first collimating
lens arranged corresponding to surroundings of the first
inclined surface 1s able to be reduced. Moreover, displace-
ment between the second electrical transmission electrode
pad arranged corresponding to surroundings of the second
inclined surface and the first electrical transmission electrode
pad arranged corresponding to surroundings of the first
inclined surface 1s able to be reduced. Further, when the first
optical-electrical transmission connector 1s connected to the
other optical-electrical transmission connector, the first col-
limating lens and the second collimating lens face each other.
Thereby, after light emitted from the optical device 1s con-
verted 1nto parallel light by the first collimating lens, the
parallel light 1s condensed onto the light guide by the second
collimating lens, or after light emitted from the light guide 1s
converted into parallel light by the second collimating lens,
the parallel light 1s condensed onto the optical device by the
first collimating lens, so loss due to the optical axis misalign-
ment or optical axis direction displacement 1s able to be
reduced. Moreover, the first collimating lens and the second
collimating lens each are arranged in a light-passing region,
and are different from a component needing a large occupied
volume such as an optical fiber; therefore, a large number of
first collimating lenses and a large number of second colli-
mating lenses are able to be used 1n small connectors. Further,
the light guide 1s arranged 1n a connector 1n which an optical
device 1s not mounted, so 1t 1s not necessary to select a special
material having resistance to a high-temperature process for
the light guide.

According to an embodiment of the invention, there 1s
provided an optical-electrical transmission device including a
first optical-electrical transmission connector and a second
optical-electrical transmission connector connected to the
first optical-electrical transmission connector. The first opti-
cal-electrical transmission connector includes one or a plu-
rality of optical devices including at least one of a light-
emitting device emitting light to one direction and a light-
sensing device sensing light from the one direction, and one
or a plurality of first collimating lenses arranged 1n a light-
passing region where light emitted from or entering into the
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one or the plurality of optical devices passes through. The first
optical-electrical transmission connector further includes a
first positioning section having a ring-shaped first inclined
surface formed corresponding to surroundings of the first
collimating lens when viewed from the one direction, and one
or a plurality of first electrical transmaission electrode pads
formed corresponding to surroundings of the first inclined
surtace when viewed from the one direction. On the other
hand, the second optical-electrical transmission connector
includes one or a plurality of second collimating lenses facing
the first collimating lens 1n the one direction when connecting
the second optical-electrical transmission connector to the
first optical-electrical transmission connector, and one or a
plurality of light guides arranged corresponding to the focal
point of the second collimating lens. The second optical-
electrical transmission connector further includes a second
positioning section formed corresponding to surroundings of
the second collimating lens, and coming 1nto contact with the
first inclined surface when connecting the second optical-
clectrical transmission connector to the first optical-electrical
transmission connector. Moreover, one or a plurality of sec-
ond electrical transmission electrode pads coming into con-
tact with the first electrical transmission electrode pad when
connecting the second optical-electrical transmission con-
nector to the first optical-electrical transmission connector
are arranged corresponding to surroundings of the second
inclined surface.

In the optical-electrical transmission device according to
the embodiment of the invention, when the first optical-elec-
trical transmission connector and the second optical-electri-
cal transmission connector are connected to each other, the
ring-shaped first inclined surface arranged corresponding to
the first collimating lens and the ring-shaped second inclined
surface arranged corresponding to the second collimating
lens come 1nto contact with each other, and the first position-
ing section and the second positioning section fit into each
other. Thereby, even 1f there 1s a shape error in the first
positioning section and the second positioning section, dis-
placement between the central axis of a region surrounded by
the first inclined surface and the central axis of a region
surrounded by the second inclined surface i1s able to be
reduced. As a result, optical axis misalignment between the
optical axis of the first collimating lens arranged correspond-
ing to surroundings of the first inclined surface and the optical
axis of the second collimating lens arranged corresponding to
surroundings of the second inclined surface 1s able to be
reduced. Moreover, displacement between the first electrical
transmission electrode pad arranged corresponding to sur-
roundings of the first inclined surface and the second electri-
cal transmission electrode pad arranged corresponding to
surroundings of the second inclined surface 1s able to be
reduced. Further, when the first optical-electrical transmis-
s10n connector and the second optical-electrical transmission
connector are connected to each other, the first collimating
lens and the second collimating lens face each other. Thereby,
after light emitted from the optical device 1s converted nto
parallel light by the first collimating lens, the parallel light 1s
condensed onto the light guide by the second collimating
lens, or after light emitted from the light guide 1s converted
into parallel light by the second collimating lens, the parallel
light 1s condensed onto the optical device by the first colli-
mating lens; therefore, loss due to optical axis misalignment
or optical axis direction displacement 1s able to be reduced.
Moreover, the first collimating lens and the second collimat-
ing lens each are arranged 1n a light-passing region, and are
different from a component needing a large occupied volume
such as an optical fiber; therefore, a large number of first
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collimating lenses and a large number of second collimating
lenses are able to be used 1n small connectors. Further, the
light guide 1s arranged 1n a connector (the second optical-
clectrical transmission connector) 1n which an optical device
1s not mounted, so 1t 1s not necessary to select a special
material having resistance to a high-temperature process for
the light guide.

According to an embodiment of the mvention, there 1s
provided an electronic device including an optical-electrical
transmission device performing communication between one
device and the other device by optical-electrical transmission.
The optical-electrical transmission device includes a first
optical-electrical transmission connector connected to the
one device, a second optical-electrical transmission connec-
tor connected to the other device, and a third optical-electrical
transmission connector connected to the first optical-electri-
cal transmission connector and the second optical-electrical
transmission connector. The first optical-electrical transmis-
sion connector includes one or a plurality of first optical
devices including at least one of a first light-emitting device
emitting light to a first direction and a first light-sensing
device sensing light from the first direction, and one or a
plurality of first collimating lenses arranged 1n a light-passing,
region where light emitted from or entering into the one or the
plurality first optical devices passes through. The first optical-
electrical transmission connector further includes a first posi-
tioming section having a ring-shaped first inclined surface
formed corresponding to surroundings of the first collimating
lens when viewed from the first direction, and one or a plu-
rality of first electrical transmission electrode pads formed
corresponding to surroundings of the first inclined surface
when viewed from the first direction. The second optical-
clectrical transmission connector includes one or a plurality
of second optical devices including at least one of a second
light-emitting device emitting light to a second direction and
a second light-sensing device sensing light from the second
direction, and one or a plurality of second collimating lenses
arranged 1n a light-passing region where light emitted from or
entering into the one or the plurality of second optical devices
passes through. The second optical-electrical transmission
connector further includes a second positioning section hav-
ing a ring-shaped second inclined surface formed corre-
sponding to surroundings of the second collimating lens
when viewed from the second direction, and one or a plurality
of second electrical transmission electrode pads formed cor-
responding to surroundings of the second inclined surface
when viewed from the second direction. The third optical-
clectrical transmission connector includes one or a plurality
of third collimating lenses facing the first collimating lens 1n
the first direction when connecting the third optical-electrical
transmission connector to the first optical-electrical transmis-
s1ion connector, and one or a plurality of fourth collimating
lenses facing the second collimating lens 1n the second direc-
tion when connecting the third optical-electrical transmission
connector to the second optical-electrical transmission con-
nector. Moreover, one or a plurality of light gmdes are
arranged corresponding to each of the focal points of the third
collimating lens and the fourth collimating lens. In the third
optical-electrical transmission connector, a third positioning
section are arranged corresponding to surroundings of the
third collimating lens, and the third positioning section has a
ring-shaped third inclined surface coming 1nto contact with
the first inclined surface when connecting the third optical-
clectrical transmission connector to the first optical-electrical
transmission connector. Likewise, the fourth positioning sec-
tion 1s arranged corresponding to surroundings of the fourth
collimating lens, and the fourth positioning section has a
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ring-shaped fourth inclined surface coming into contact with
the second inclined surface when connecting the third opti-
cal-electrical transmission connector to the second optical-
clectrical transmission connector. Moreover, one or a plural-
ity of third electrical transmission electrode pads coming into
contact with the first electrical transmission electrode pad
when connecting the third optical-electrical transmission
connector to the first optical-electrical transmission connec-
tor are arranged corresponding to surroundings of the third
inclined surface, and one or a plurality of fourth electrical
transmission electrode pads coming into contact with the
second electrical transmission electrode pad when connect-
ing the third optical-electrical transmission connector to the
second optical-electrical transmission connector are arranged
corresponding to surroundings of the fourth inclined surface.

In the electronic device according to the embodiment of the
invention, when the first optical-electrical transmission con-
nector and the third optical-electrical transmission connector
are connected to each other, the ring-shaped first inclined
surface arranged corresponding to surroundings of the first
collimating lens and the ring-shaped third inclined surface
arranged corresponding to surroundings of the third collimat-
ing lens come nto contact with each other, and the first
positioning section and the third positioning section fit 1mto
cach other. Moreover, when the second optical-electrical
transmission connector and the third optical-electrical trans-
mission connector are connected to each other, the ring-
shaped second inclined surface arranged corresponding to
surroundings of the second collimating lens and the ring-
shaped fourth inclined surface arranged corresponding to
surroundings of the fourth collimating lens come 1nto contact
with each other, and the second positioning section and the
fourth positioning section fit into each other. Thereby, even 1f
there 1s a shape error 1n the first positioning section, the
second positioning section, the third positioning section or
the fourth positioning section, displacement between the cen-
tral axis of a region surrounded by the first inclined surface
and the central axis of a region surrounded by the third
inclined surface or displacement between the central axis of a
region surrounded by the second inclined surface and the
central axis of a region surrounded by the fourth inclined
surface 1s able to be reduced. As a result, optical axis mis-
alignment between the optical axis of the first collimating
lens arranged corresponding to surroundings of the first
inclined surface and the optical axis of the third collimating
lens arranged corresponding to surroundings of the third
inclined surface or optical axis misalignment between the
optical axis of the second collimating lens arranged corre-
sponding to surroundings of the second inclined surface and
the optical axis of the fourth collimating lens arranged corre-
sponding to surroundings of the fourth inclined surface is able
to be reduced. Moreover, displacement between the first elec-
trical transmission electrode pad arranged corresponding to
surroundings of the first inclined surface and the third elec-
trical transmission electrode pad arranged corresponding to
surroundings of the third inclined surface or displacement
between the second electrical transmission electrode pad
arranged corresponding to surroundings of the second
inclined surface and the fourth electrical transmission elec-
trode pad arranged corresponding to surroundings of the
fourth inclined surface 1s able to be reduced. Further, when
the first optical-electrical transmission connector and the
third optical-electrical transmission connector are connected
cach other, the first collimating lens and the third collimating
lens face each other, and when the second optical-electrical
transmission connector and the third optical-electrical trans-
mission connector are connected to each other, the second
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collimating lens and the fourth collimating lens face each
other. Thereby, after light emitted from the first optical device
1s converted into parallel light by the first collimating lens, the
parallel light 1s condensed onto the light guide by the third
collimating lens, or after light emitted from the light guide 1s
converted into parallel light by the third collimating lens, the
parallel light 1s condensed onto the first optical device by the
first collimating lens. Moreover, after light emitted from the
second optical device 1s converted into parallel light by the
second collimating lens, the parallel light 1s condensed onto
the light guide by the fourth collimating lens, or after light
emitted from the light guide 1s converted into parallel light by
the fourth collimating lens, the parallel light 1s condensed
onto the second optical device by the second collimating lens.
As a result, loss due to optical axis misalignment or optical
axis direction displacement 1s able to be reduced. Moreover,
the first collimating lens, the second collimating lens, the
third collimating lens and the fourth collimating lens each are
arranged 1n a light-passing region, and are different from a
component needing a large occupied volume such as an opti-
cal fiber; therefore, a large number of first collimating lenses,
a large number of the second collimating lenses, a large
number of the third collimating lenses and a large number of
the fourth collimating lenses are able to be used in small
connectors. Further, the light guide 1s arranged 1n a connector
(the third optical-electrical transmission connector) in which
an optical device 1s not mounted, so 1t 1s not necessary to
select a special material having resistance to a high-tempera-
ture process for the light guide.

In the first and second optical-electrical transmission con-
nectors and the optical-electrical transmission device accord-
ing to the embodiment of the mvention, when the optical-
clectrical transmission connectors are connected to each
other, the first inclined surface and the second i1nclined sur-
face come 1nto contact with each other, so optical axis mis-
alignment between the optical axis of the first collimating
lens and the optical axis of the second collimating lens 1s able
to be reduced. Moreover, the first collimating lens and the
second collimating lens face each other, so loss due to optical
axis misalignment or optical axis direction displacement 1s
able to be reduced. Further, a large number of first collimating
lenses and a large number of second collimating lenses are
able to be used 1n small connectors, so the number of buses 1s
able to be easily increased. Moreover, the light guide 1s
arranged 1n a connector 1 which the optical device 1s not
mounted, so a commonly-used material 1s used for the light
guide. Thus, in the embodiment of the invention, optical axis
misalignment does not easily occur, and loss 1s small, and the
number of buses 1s able to be increased with little limitation,
and a commonly-used materal 1s able to be used.

In the electronic device according to the embodiment,
when the optical-electrical transmission connectors are con-
nected to each other, the first inclined surface and the third
inclined surface come into contact with each other, and the
second inclined surface and the fourth inclined surface come
into contact with each other, so optical axis misalignment
between the optical axis of the first collimating lens and the
optical axis of the third collimating lens, or optical axis mis-
alignment between the optical axis of the second collimating
lens and the optical axis of the fourth collimating lens 1s able
to be reduced. Moreover, the first collimating lens and the
third collimating lens face each other, and the second colli-
mating lens and the fourth collimating lens face each other, so
loss due to optical axis misalignment or optical axis direction
displacement is able to be reduced. Further, a large number of
the first, second, third and fourth collimating lenses are able to
be used 1n small connectors, so the number of buses 1s able to
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be easily increased. Moreover, the light guide 1s arranged 1n a
connector 1n which the first optical device and the second
optical device are not mounted, so a commonly-used material
1s able to be used for the light gmide. Thus, 1n the embodiment
of the mvention, optical axis misalignment does not easily
occur, and loss 1s small, and the number of buses 1s able to be
increased with little limitation, and a commonly-used mate-
rial 1s able to be used.

Other and further objects, features and advantages of the
invention will appear more fully from the following descrip-
tion.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a sectional view of an optical-electrical transmis-
s1on device according to a first embodiment of the invention;

FIG. 2 1s a side view of the optical-electrical transmission
device shown 1n FIG. 1;

FIG. 3 1s a plan view of a bottom surface of a male con-
nector shown 1n FIG. 1;

FIG. 4 1s a plan view of a top surface of a female connector
shown 1n FIG. 1;

FIGS. SA and 5B are sectional views of a modification of a
positioning section shown in FIG. 1;

FIG. 6 1s a sectional view of an optical-electrical transmis-
s1on device according to a second embodiment of the inven-
tion;

FIG. 7 1s a side view of the optical-electrical transmission
device shown 1n FIG. 6:

FIG. 8 1s a plan view of a bottom surface of a female
connector shown 1n FIG. 6;

FIG. 9 15 a plan view of a top surface of a male connector
shown 1n FIG. 7;

FIG. 10 1s a schematic view of an electronic device accord-
ing to an application example; and

FIG. 11 1s a sectional view of the optical-electrical trans-
mission device shown i FIG. 10.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

PR.

(L]
By

ERRED

Preferred embodiments will be described in detail below
referring to the accompanying drawings.

First Embodiment

FIG. 1 shows an example of a sectional configuration of an
optical-electrical transmission device 1 according to a first
embodiment of the invention. FIG. 2 shows an example of a
side configuration of the optical-electrical transmission
device 1 shown in FIG. 1. The optical-electrical transmission
device 1 provides coupling between optical transmission
paths as well as coupling between electrical transmission
paths, and the optical-electrical transmission device 1
includes a male connector 10 and a female connector 20. FIG.
3 shows an example of a bottom surface configuration of the
male connector 10, and FIG. 4 shows an example of a top
surface configuration of the female connector 20. FIG. 1
corresponds to sectional configurations taken along arrow
lines A-A of FIGS. 3 and 4.

In the male connector 10, one or a plurality of light guides
12, one or a plurality of collimating lenses 13, and positioning,
sections 14 and 15 are arranged on a flexible board 11.

The flexible board 11 1s formed by forming one or a plu-
rality of electrical interconnections 16 (refer to FIG. 3) made
of copper foil on a film made of an electrical insulating
material such as polyimide and having moderate tlexibility.
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The flexible board 11 1s formed in a strip shape, and the
clectrical interconnections 16 are formed so as to extend 1n an
extending direction of the flexible board 11. An electrode pad
17 1s formed at an end of each electrical interconnection 16.
The electrode pad 17 comes into contact with an electrical
interconnection 28 (which will be described later) of the
temale connector 20 when connecting the male connector 10
to the female connector 20 so as to provide coupling between
an electrical transmission path on the male connector 10 side
and an electrical transmission path on the female connector
20 side. The electrode pad 17 has an exposed surface exposed
to a surface on which the positioning section 14 1s formed of
the flexible board 11, and the exposed surface 1s formed
around the positioning section 14 (specifically an inclined
surface 14 A which will be described later) when viewed from
the normal direction to the flexible board 11. The pattern
formation precision of the electrode pad 17 1s, for example,
approximately 5 um.

One or a plurality of light guides 12 propagate light enter-
ing from the collimating lens 13, or emit light propagating
through the light guides 12 to the collimating lens 13, and
constitute a part of the optical transmission path 1n the male
connector 10. The light guide 12 1s formed on one surface of
the tlexible board 11, and has a strip shape extending 1n an
extending direction of the flexible board 11. In FIGS. 1 to 3,
the case where the light guide 12 1s formed on a surface
opposite to a surtace on which the positioning section 14 1s
formed of the flexible board 11 1s exemplified. An end of the
light guide 12 1s arranged corresponding to the focal point of
the collimating lens 13, and 1s optically coupled to the colli-
mating lens 13. The light guide 12 1s made of, for example,
quartz, glass, a fluorine-based polymer, or an acrylic-based
polymer.

One or a plurality of collimating lenses 13 convert light
(divergent light) emitted from the light guide 12 into parallel
light, or condense parallel light entering from the female
connector 20 onto an end of the light guide 12. The collimat-
ing lens 13 1s arranged on an optical transmission path 1n the
male connector 10, and 1s arranged so as to face (be opposed
to) a collimating lens 26 (which will be described later) of the
female connector 20 in a direction of an optical axis (an
optical axis AX2 in FIG. 1) of the collimating lens 13 when
connecting the male connector 10 and the female connector
20 to each other. Moreover, the collimating lens 13 1s
arranged around a central axis C (which will be described
later) of the positioning section 14 (that 1s, 1n a part off the
central axis C). As exemplified in FIGS. 1 and 3, 1n the case
where a plurality of collimating lenses 13 are arranged, the
plurality of collimating lenses 13 are preferably arranged so
as to be point-symmetrical about the central axis C. In addi-
tion, 1n this case, 1t 1s only necessary for adjacent collimating,
lenses 13 to be apart from each other to an extent to which
they do not have an optical influence on each other (for
example, a few um), so a plurality of collimating lenses 13 are
able to be integrated 1n a small region (for example, 1 a
surface of the positioning section 14). Moreover, 1n the case
where the collimating lens 13 1s integrated with the position-
ing section 14, a position error between the collimating lens
13 and the positioning section 14 1s able to be mostly elimi-
nated.

The positioning section 14 determines the position of the
male connector 10 with respect to the female connector 20 (a
position 1n a direction orthogonal to an optical axis AX2)
when connecting the male connector 10 to the female con-
nector 20. The positioning section 14 1s formed on one surface
of the flexible board 11, for example, a surface on which the
collimating lens 13 1s formed of the flexible board 11. The
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positioning section 14 has, for example, a circular shape or an
oval shape when viewed from the normal direction to the
flexible board 11, and includes a ring-shaped inclined surface
14A having a normal 1ntersecting the normal to the flexible
board 11 1n an edge of the positioning section 14. In addition,
the inclined surface 14A preferably has a ring shape around
the central axis C of the positioning section 14 (an axis pass-
ing through the center of the positioning section 14 and being
parallel to the normal to the flexible board 11 when the posi-
tioning section 14 1s viewed from the normal direction to the
flexible board 11). The inclined surface 14A has a tapered
shape 1n the positioning section 14, and the inclined surface
14A 1s formed so that a region (the positioning section 14)
surrounded by the inclined surface 14 A 1s narrower on a front
side and wider on a back side when viewed from the female
connector 20. The inclined surface 14A 1s formed corre-
sponding to surroundings of the collimating lens 13, and
when the male connector 10 1s connected to the female con-
nector 20, the inclined surface 14A comes 1nto contact with
an inclined surface 278 (which will be described later) of the
female connector 20. As shown 1n FIGS. 1 and 2, 1n the case
where the positioning section 14 1s arranged between the
collimating lens 13 and the flexible board 11, the positioning
section 14 1s preferably integrated with the collimating lens
13. The positioming section 14 1s made of, for example, poly-
imide, and 1s able to be formed by, for example, 1njection
molding. In the case where the positioning section 14 1s
formed by 1njection molding, insert molding or the like, the
shape error of the positioning section 14 1s, for example,
approximately £5 um. Moreover, the mounting precision of
the positioning section 14 1s, for example, approximately £10
L.

The positioning section 15 determines the position of the
male connector 10 with respect to the female connector 20 (a
position in a direction of an optical axis AX2) when connect-
ing the male connector 10 to the female connector 20. The
positioning section 15 1s formed on one surface of the tlexible
board 11, for example, a surface opposite to a surface on
which the collimating lens 13 1s formed of the tlexible board
11. As shown 1n FIGS. 1 and 3, the positioning section 15 has
a surface exposed to the female connector 20 1n an edge of the
positioning section 15, and the exposed surface has a depres-
sion 15A. The depression 15A 1s a columnar depression
extending to the normal direction to the flexible board 11, and
when a projection 27C (which will be described later) of the
female connector 20 fits into the depression 15A, the male
connector 10 1s prevented from rotating about the central axis
C while the male connector 10 1s in contact with the female
connector 20. Moreover, as shown 1n FIGS. 2 and 3, the
positioning section 135 has a nail 15B projected in the normal
direction to the flexible board 11 1n a part of an edge of the
positioning section 15. The nail 15B has an opening 15C, and
when a projection 27D (which will be described later) of the
female connector 20 fits into the opening 15C, the male
connector 10 1s prevented from being detached from the
female connector 20. The positioning section 15 1s made of,
for example, polyimide, and 1s able to be formed by, for
example, injection molding. In the case where the positioning
section 15 1s formed by injection molding, insert molding or
the like, the shape error of the positioming section 135 1s, for
example, approximately £5 um. Moreover, the mounting pre-
cision of the positioning section 15 1s, for example, approxi-
mately 5 um.

In the female connector 20, one or a plurality of light-
emitting devices 23, one or a plurality of light-sensing devices
24, a collimating lens 26 and a positioning section 27 are
arranged on an mtermediate board 21.
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The intermediate board 21 1s formed by forming an elec-
trical interconnection (not shown) made of copper o1l or the
like on an mnsulating substrate with high rigidity made of an
insulating resin, a ceramic material or the like. An electrode
pad (not shown) connected to the electrical interconnection 1s
formed on one surface of the intermediate board 21 so as to be
exposed, and the light-emitting device 23 and the light-sens-
ing device 24 are arranged on the electrode pad with solder 1n
between. Moreover, an electrode pad (not shown) connected
to the electrical interconnection 1s formed on the other surface
of the intermediate board 21 so as to be exposed, and solder 235
1s arranged on the electrode pad. The solder 25 connects the
clectrode pad on the intermediate board 21 and an electrode
pad on a printed circuit board or an LSI chip to each other
when mounting the intermediate board 21 on the printed
circuit board or the like. The pattern formation precision of
the electrode pad on the itermediate board 21 1s, for
example, approximately £5 um.

As described above, one or a plurality of light-emitting
devices 23 are arranged on one surface of the intermediate
board 21, and are made of, for example, laser diodes (LLDs),
light emitting diodes (LEDs) or the like. The light emission
region (light emission spot) of the light-emitting device 23 1s
arranged on a side opposite to the intermediate board 21, and
the light-emitting device 23 1s arranged so that when the male
connector 10 1s connected to the female connector 20, the
light emission spot faces (1s opposed to) the collimating lens
13 of the male connector 10, and light of the light-emitting
device 23 1s emitted to the collimating lens 13. Moreover,
when the male connector 10 1s connected to the female con-
nector 20, the light-emitting device 23 (specifically a light
emission region of the light-emitting device 23) 1s arranged
around the central axis C (that 1s, 1n a part oif the central axis
C). The mounting precision of the light-emitting device 23 1s,
for example, £5 um.

One or a plurality of light-sensing devices 24 are arranged
on the surface on which the light-emitting devices 23 are
formed of the intermediate board 21, and are made of, for
example, photodiodes (PDs) or the like. A light-sensing
region of the light-sensing device 24 1s arranged on a side
opposite to the intermediate board 21, and when the male
connector 10 1s connected to the female connector 20, the
light-sensing device 24 1s arranged so that the light-sensing
region face (1s opposed to) the collimating lens 13, thereby the
light-sensing device 24 detects light emitted from the colli-
mating lenses 13. Moreover, when the male connector 10 1s
connected to the female connector 20, the light-sensing
device 24 (specifically the light-sensing region of the light-
sensing device 24) 1s arranged around the central axis C (that
1s, 1n a part oif the central axis C). The mounting precision of
the light-sensing device 24 1s, for example, approximately £35
L.

One or a plurality of collimating lenses 26 convert light
(divergent light) emitted from the light-emitting device 23
into parallel light, or condense light (parallel light) emitted
from the collimating lens 13 of the male connector 10 to guide
the light to the light-sensing region of the light-sensing device
24. The collimating lens 26 1s arranged on an optical trans-
mission path in the female connector 20 (an optical path for
light emitted from the light-emitting device 23 and an optical
path for light entering 1nto the light-sensing device 24), and
when the male connector 10 and the female connector 20 are
connected to each other, the collimating lens 26 1s arranged so
as to face (be opposed to) the collimating lens 13 of the male
connector 10 1n a direction of an optical axis (an optical axis
AX1 1n FIG. 1) direction of the collimating lens 26. In other
words, the collimating lens 26 1s arranged around the central
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axis of the positioning section 27, and the optical axis AX1
and the optical axis AX2 (almost) overlap each other. As
exemplified in FIGS. 1 and 4, in the case where a plurality of
collimating lenses 26 are arranged, the plurality of collimat-
ing lenses 26 are preferably arranged so as to be point-sym-
metrical about the central axis of the positioning section 27.
In this case, it 1s only necessary for adjacent collimating
lenses 26 to be apart from each other to an extent to which
they do not have an optical influence on each other (for
example, a few um), so a plurality of collimating lenses 26 are
able to be integrated 1n a small region (for example, 1n the
positioning section 27). Moreover, as shown 1n FIG. 1, one or
a plurality of collimating lenses 26 may be formed 1n contact
with the light-emitting device 23 or the light-sensing device
24 (may be integrated with the light-emitting device 23 or the
light-sensing device 24), or one or a plurality of collimating
lenses 26 may be formed separately from the light-emitting
device 23 or the light-sensing device 24 with a predetermined
gap 1n between. In the case where the collimating lenses 26
are 1ntegrated with the light-emitting device 23 or the light-
sensing device 24, a position error between the collimating
lens 26 and the light-emitting device 23 or the light-sensing
device 24 is able to be mostly eliminated.

The positioning section 27 determines the position (a posi-
tion 1n a direction orthogonal to the optical axis AX1) of the
male connector 10 with respect to the female connector 20
when connecting the male connector 10 to the female con-
nector 20. The positioming section 27 1s formed on one surtace
of the intermediate board 21, for example, a surface on which
the collimating lens 26 1s formed of the imntermediate board
21. The positioning section 27 has a tubular shape having a
central axis in the normal direction to the intermediate board
21, and has an opening 27A on a top surface of the tubular
shape. The opening 27A has the same shape as the positioning
section 14 when viewed from the normal direction to the
intermediate board 21, and the opening 27 A has, for example,
a circular shape or an oval shape. As in the case of the posi-
tioning section 14, the opening 27 A preferably has a circular
shape with the central axis of the positioning section 27 as 1ts
center. The opening 27A has a ring-shaped inclined surface
27B having a normal intersecting the normal to the top sur-
face of the positioning section 27 on the tope surface of the
positioning section 27. The inclined surface 27B has a tapered
shape on the top surface of the positioning section 27, and the
inclined surface 27B 1s formed so that a region (the opening
27A) surrounded by the inclined surface 27B 1s wider on a
front side and narrower on a back side when viewed from the
male connector 10. The mclined surface 27B 1s formed cor-
responding to surroundings of the collimating lens 26, and
when the male connector 10 1s connected to the female con-
nector 20, the inclined surface 27B comes into contact with
the inclined surface 14 A of the male connector 10. Moreover,
as shown 1n FIGS. 1 and 4, the positioning section 27 has a
projection 27C on the top surface thereof. The projection 27C
1s a columnar projection extending in the normal direction to
the intermediate board 21, and when the projection 27C fits
into the depression 15A of the male connector 10, the male
connector 10 1s prevented from rotating about the central axis
C while the male connector 10 1s 1n contact with female
connector 20. Further, as shown 1n FIGS. 2 and 4, the posi-
tioning section 27 has a projection 27D projected in a direc-
tion intersecting (orthogonal to) the normal direction to the
intermediate board 21 1n a part of a side of the tubular shape.
When the projection 27D {its into the opening 15C of the male
connector 10, the male connector 10 1s prevented from being
detached from the female connector 20. The positioning sec-
tion 27 1s made of, for example, polyimide, and 1s able to be



US 7,651,279 B2

15

formed by, for example, injection molding, msert molding or
the like. In addition, in the case where the positioning section
277 1s formed by 1mjection molding, insert molding or the like,
the shape error of the positioning section 27 1s, for example,
approximately +20 um in consideration of deformation 1n a
reflow step. Further, the mounting precision of the position-
ing section 27 1s, for example, approximately 5 um.

A mechanism of preventing the male connector 10 from
being detached from the female connector 20 may be in any
form other than the above-described mechanism. For
example, as shown 1n FIG. 5A, the projection 27D may have
a trapezoidal projection shape having a top surface which 1s
slightly smaller than a region facing the opening 15C and a
bottom surface which 1s slightly larger than the region facing,
the opening 15C, and when the male connector 10 1s con-
nected to the female connector 20, an inclined surface of the
projection 27D may be pressed against an edge of the opening
15C. Moreover, for example, as shown 1n FIG. 5B, instead of
the opening 15C, a depression 15D depressed 1n a direction
opposite to the positioning section 27 may be arranged, and
the projection 27D may {it into a depressed part of the depres-
sion 15D.

Moreover, as shown 1n FIGS. 2 and 4, on an outer edge
(surroundings of the inclined surface 27B) of the positioning
section 27, one or a plurality of electrical interconnections 28
extending from an outer edge of the bottom surface of the
positioning section 27 to an outer edge of the top surface via
a side surface are formed. When the male connector 10 1s
connected to the female connector 20, an end positioned on
the top surface of the positioning section 27 of each electrical
interconnection 28 comes 1nto contact with the electrode pad
17 of the male connector 10 so as to have a role as the
clectrode pad 17 providing coupling between an electrical
transmission path on the male connector 10 side and an elec-
trical transmission path on the female connector 20 side.
Further, an end positioned on the bottom surface of the posi-
tioming section 27 of each electrical interconnection 28 has a
role as an electrode pad connected to the electrode pad 21A
(referto FIG. 4) formed on a surface of the intermediate board
21.

In the optical-electrical transmission device 1 according to
the embodiment, after the male connector 10 and the female
connector 20 are connected to each other, when the light-
emitting device 23 1s driven, light 1s emitted from the light-
emitting device 23, and the light 1s converted into parallel
light by the collimating lens 26. After that, after the parallel
light propagates through a space (gap) between the male
connector 10 and the female connector 20, and passes through
the opening 27 A, the parallel light enters into the collimating,
lens 13. The light entering into the collimating lens 13 1is
condensed onto an end of the light guide 12 by the collimating
lens 13, and propagates through the light guide 12, and finally,
the light 1s mputted mto one device connected to the light
guide 12. Moreover, after the male connector 10 and the
female connector 20 are connected to each other, when light
propagates from one device connected to the male connector
10, the light 1s converted into parallel light by the collimating
lens 13. After that, after the parallel light propagates through
a space (gap) between the male connector 10 and the female
connector 20, and passes through the opening 27A, the par-
allel light enters into the collimating lens 26. After the light
entering into the collimating lens 26 1s condensed onto a
light-sensing region of the light-sensing device 24 by the
collimating lens 26, and 1s converted 1nto a photocurrent 1n
the light-sensing device 24, the photocurrent outputted from
the light-sensing device 24 1s finally mputted into another
device connected through the intermediate board 21 or a
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printed board. Thus, in the optical-electrical transmission
device 1, communication between one device and the other
device 1s performed by optical transmission. Moreover, an
clectrical signal from one device connected to the male con-
nector 10 side propagates to the other device connected to the
temale connector 20 side through the electrical interconnec-
tion 16, the electrode pad 17 and the electrical interconnec-
tion 28, or an electrical signal from the other device connected
to the female connector 20 side propagates to the one device
connected to the male connector side through the electrical
interconnection 28, the electrode pad 17 and the electrical
interconnection 16. Thus, 1n the optical-electrical transmis-
sion device 1, communication between one device and the
other device 1s performed by electrical transmission.

In the embodiment, when the male connector 10 and the
female connector 20 are connected to each other, the ring-
shaped inclined surface 14A arranged corresponding to sur-
roundings of the collimating lens 13 and the ring-shaped
inclined surface 26B arranged corresponding to surroundings
ol the collimating lens 26 come 1nto contact with each other,
and the positioning sections 14 and 27 {it into each other.
Thereby, even 1 each component constituting the male con-
nector 10 and the female connector 20 has a shape error or a
mounting error, displacement between the central axis of a
region surrounded by the inclined surface 14A and central

axis of a region surrounded by the inclined surface 26B 1s able
to be reduced.

For example, in the case where the shape error or the
mounting error of each component constituting the male con-
nector 10 and the female connector 20 1s estimated as follows,
the optical axis misalignment between the optical axis AX2 of
the collimating lens 13 arranged corresponding to surround-
ings of the inclined surface 14A and the optical axis AX1 of
the collimating lens 26 arranged corresponding to surround-
ings of the iclined surface 26B 1s approximately £55 um at
maximum. In the embodiment, optical transmission between
the male connector 10 and the female connector 20 1s per-
tormed by parallel light by the collimating lenses 13 and 26,
so even 11 the optical axis misalignment between the optical
ax1s AX2 of the collimating lens 13 and the optical axis AX1
of the collimating lens 26 1s approximately £55 um, light loss
1s able to be reduced to approximately 10% at most, so optical
transmission 1s able to be performed with low loss. Likewise,
displacement between the electrode pad 17 arranged corre-
sponding to surrounding of the inclined surface 14 A and the
clectrical interconnection 28 arranged corresponding to sur-
rounding of the inclined surface 26B is able to be reduced, so
in the optical-electrical transmission device 1, electrical
transmission between the male connector 10 and the female
connector 20 1s able to be performed together with optical
transmission.

Pattern formation precision of electrode pad 17: £5 um

Position error between collimating lens 13 and positioning
section 14: zero

Shape error of positioning section 14: £5 um
Mounting error of positioning section 14: £10 um

Pattern formation precision of electrode pad on the interme-
diate board 21: £5 um

Mounting precision of light-emitting device 23 and light-
sensing device 24: 5 um

Position error between collimating lens 26 and light-emitting
device 23 or light-sensing device 24: zero
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Shape error of positioning section 27 (in consideration of
deformation 1in retlow step): 20 um

Mounting precision of positioning section 27: £5 um

Total: £55 um

Moreover, 1n the embodiment, the collimating lenses 13
and 26 each are arranged in a light-passing region, and are
different from a component needing a large occupied volume
such as an optical fiber. Therefore, a large number of colli-
mating lenses 13 and 26 are able to be used on a surface of the
small positioning section 14 or 1n the positioning section 27,
thereby the number of buses 1s able to be easily increased with
little limitation. Moreover, 1in the embodiment, the light guide
12 1s arranged 1n a connector (the male connector 10) 1n which
the light-emitting device 23 or the light-sensing device 24 1s
not mounted, so 1t 1s not necessary to select a special matenal
having resistance to a high-temperature process for the light
guide 12, and a commonly-used material 1s able to be used.

Further, in the embodiment, the male connector 10 and the
temale connector 20 are connected to each other 1n the normal
direction to the intermediate board 21, so an IC socket struc-
ture widely penetrating 1n the mounting industry 1s able to be
used 1n the positioning sections 14 and 27. There are a large
number of data about IC sockets such as materials, insulation
or reliability, and various companies handle IC sockets.
Therefore, the IC sockets are acceptable 1n all aspects such as
functions, cost and reliability, and are easily adopted nto an
existing board process. Therefore, when the optical-electrical
transmission device 1 according to the embodiment 1s used in
an electronic device, there 1s an advantage that enormous
clforts to confirm performance, reliability or the like are not
necessary.

Moreover, 1n the embodiment, in the case where the inter-
mediate board 21 1s directly mounted on an LSI chip, the
length of an electrical line providing coupling between the
light-emitting device 23 or the light-sensing device 24 and the
L.SI chip 1s able to be minimized. Thereby, 1t 1s easier to tak
measures against noises of electrical signals or crosstalk, and
a light modulation rate 1s able to be improved.

Second Embodiment

FIG. 6 shows an example of a sectional configuration of an
optical-electrical transmission device 2 according to a second
embodiment of the invention. FIG. 7 shows an example of a
side configuration of the optical-electrical transmission
device 2 shown 1n FIG. 6. The optical-electrical transmission
device 2 provides coupling between optical transmission
paths and coupling between electrical transmission paths, and
the optical-electrical transmission device 2 includes a female
connector 30 and a male connector 40. FIG. 8 shows an
example of a bottom surface configuration of the female
connector 30, and FIG. 9 shows an example of a top surface
configuration of the male connector 40. FIG. 6 corresponds to
sectional configurations taken along arrow lines A-A of
FIGS. 8 and 9.

The same configurations, functions and efiects as those in
the above-described embodiment will not be {further
described, and only different configurations, functions and
elfects from those 1n the above-described embodiment will be
mainly described below.

In the female connector 30, one or a plurality of light guides
12, one or a plurality of collimating lenses 13 and positioning
sections 14 and 33 are arranged on the flexible board 11. In the
embodiment, the positioning section 14 does not have a posi-
tioming function because of a relationship with the position-
ing section 35.
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The positioning section 35 determines the position (a posi-
tion 1n a direction orthogonal to the optical axis AX2) of the
female connector 30 with respect to the male connector 40
when connecting the female connector 30 to the male con-
nector 40. A part having a positioning function of the posi-
tioning section 35 1s formed on one surface of the flexible
board 11, for example, a surface on which the collimating lens
13 1s formed of the tlexible board 11. The positioning section
35 has a tubular shape having a central axis 1n the normal
direction to the flexible board 11, and has an opening 35A on
a bottom surface of the tubular shape. The opening 35 A has,
for example, a circular shape or an oval shape. The opening
35A preferably has a circular shape with the central axis of the
positioning section 33 as 1ts center. Moreover, the central axis
ol the positioning section 35 preferably overlaps the central
axis C of the positioning section 14. The opening 35A has a
ring-shaped inclined surface 35B having a normal intersect-
ing the normal to the bottom surface o the positioning section
35 on the bottom surface of the positioning section 33. The
inclined surface 35B has a tapered shape 1n the bottom surface
of the positioning section 35, and the inclined surface 35B 1s
formed so that a region (the opening 35A) surrounded by the
inclined surface 35B 1s wider on a front side and narrower on
a back side when viewed from the male connector 40. The
inclined surface 35B 1s formed corresponding to surround-
ings ol the collimating lens 13, and when the female connec-
tor 30 1s connected to the male connector 40, the inclined
surtace 35B comes 1nto contact with an inclined surface 47A
(which will be described later) of the male connector 40.
Moreover, as shown 1n FIGS. 6 and 8, the positioning section
35 has a depression 35C 1n an outer edge thereot. The depres-
s1ion 35C 1s a columnar depression extending to the normal
direction to the flexible board 11, and when a projection 47B
(which will be described later) of the male connector 40 fits
into the depression 35C, the female connector 30 1s prevented
from rotating about the central axis of the positioning section
35 while the female connector 30 1s in contact with the male
connector 40. As shown 1n FIG. 7, the positioning section 35
turther has an opening 35D 1n a part of the side surface of the
tubular shape. When the projection 47D (which will be
described later) of the male connector 40 fits 1nto the opening
35D, the female connector 30 1s prevented from being
detached from the male connector 40. In the case where the
positioning section 35 1s formed by injection molding, insert
molding or the like, the shape error of the positioning section
35 1s, for example, approximately +5 um. The mounting
precision of the positioning section 35 1s, for example,
approximately =5 um.

Moreover, as shown in FIGS. 7 and 8, on an outer edge of
the positioning section 35 (in surroundings of the inclined
surface 35B), one or a plurality of electrical interconnections
37 extending from an outer edge of the top surface of the
positioning section 33 to an outer edge of the bottom surface
through a side surface are formed. When the female connector
30 1s connected to the male connector 40, an end positioned
on the bottom surface of the positioning section 35 of each
clectrical interconnection 37 comes 1nto contact with an elec-
trode pad 48 (which will be described later) of the male
connector 40 so as to have a role as an electrode pad providing
coupling between an electrical transmission path on the
temale connector 30 side and an electrical transmission path
on the male connector 40 side. Further, an end positioned on
the top surface of the positioning section 33 of each electrical
interconnection 37 has a role as an electrode pad connected to
an electrode pad (not shown) formed on a surface of the

flexible board 11.
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In the male connector 40, one or a plurality of light-emit-
ting devices 23, one or a plurality of light-sensing devices 24,
a collimating lens 26 and a positioning section 47 are
arranged on the intermediate board 21.

The positioning section 47 determines the position of the
male connector 40 (a position 1n a direction orthogonal to the
optical axis AX1) with respect to the female connector 30
when connecting the female connector 30 to the male con-
nector 40. The positioning section 47 1s formed on one surface
of the mntermediate board 21, for example, a surface on which
the collimating lens 26 1s formed of the intermediate board
21. The positioning section 47 has a ring-shaped inclined

surface 47A having a normal intersecting the normal to the
intermediate board 21. The inclined surface 47A preferably 5
has a ring shape with the central axis of the positioming
section 47 as 1ts center. The inclined surface 47A has a tapered
shape 1n the positioning section 47, and the inclined surface
47A 1s formed so that a region surrounded by the inclined
surface 47A 1s narrower on a front side and wider on a back
side when viewed from the female connector 30. The inclined
surface 47A 1s formed corresponding to surroundings of the
collimating lens 26, and when the female connector 30 1s
connected to the male connector 40, the inclined surface 47A
comes 1nto contact with the inclined surface 35B of the 54
female connector 30. In FIGS. 6 and 7, the case where the
positioning section 47 1s arranged between the light-emitting,
device 23 and the light-sensing device 24, and the intermedi-
ate board 21 1s exemplified; however, the positioning section
47 may be formed only around the light-emitting device 23 3,
and the light-sensing device 24 or only around the collimating
lens 26. Moreover, as shown in FIGS. 6 and 8, the positioning
section 47 has a projection 47B on a top surface thereotf. The
projection 47B 1s a columnar projection extending in a normal
direction to the intermediate board 21, and when the projec- 35
tion 478 fits into the depression 35C of the female connector
30, the female connector 30 1s prevented from rotating about
the central axis C while the female connector 30 1s 1n contact
with the male connector 40. Moreover, as shown 1n FIGS. 7
and 9, the positioning section 47 has a nail 47C projected 1n 4,
the normal direction to the intermediate board 21 1n a part of
an outer edge thereol The nail 47B has a projection 47D
projected 1n a direction intersecting (orthogonal to) the nor-
mal direction to the intermediate board 21, and when the
projection 47D fits into the opening 33D of the female con- 45
nector 30, the female connector 30 is prevented from being
detached from the male connector 40. The positioning section
47 1s made of, for example, polyimide, and 1s able to be
formed by, for example, injection molding or the like. In the
case where the positioning section 47 1s formed by 1njection 5
molding, isert molding or the like, the shape error of the
positioning section 47 1s, for example, approximately 20 um
in consideration of deformation in a reflow step. Further, the
mounting precision ol the positioning section 47 1s, for
example, approximately £5 um. 55
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Moreover, the positioning section 47 has an electrode pad
48 connected to an end of an electrical interconnection (not
shown) formed on the intermediate board 21. The electrode
pad 48 comes 1nto contact with the electrical interconnection
37 of the female connector 30 when connecting the female 60
connector 30 to the male connector 40 so as to provide cou-
pling between an electrical transmission path on the female
connector 30 side and an electrical transmission path on the
male connector 40 side. The electrode pad 48 has an exposed
surface exposed to a surface of the positioning section 47, and 65
the exposed surface 1s formed around the inclined surface
47A when viewed from the normal direction to the imnterme-
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diate board 21. The pattern formation precision of the elec-
trode pad 48 1s, for example, approximately £5 um.

In the optical-electrical transmission device 2 according to
the embodiment, after the female connector 30 and the male
connector 40 are connected to each other, when the light-
emitting device 23 is driven, light 1s emitted from the light-
emitting device 23, the light 1s converted into parallel light b
the collimating lens 26. After that, after the parallel light
propagates through a space (gap) between the female connec-
tor 30 and the male connector 40, and passes through the
opening 35 A, the parallel light enters into the collimating lens
13. The light entering into the collimating lens 13 condenses
onto an end of the light guide 12 by the collimating lens 13,
and propagates through the light guide 12, and finally, the
light 1s inputted into one device connected to the light guide
12. Moreover, after the female connector 30 and the male
connector 40 are connected to each other, when light propa-
gates from one device connected to the female connector 30,
the light 1s converted into parallel light by the collimating lens
13. After that, after the parallel light propagates through a
space (gap) between the female connector 30 and the male
connector 40, and passes through the opening 35A, the par-
allel light enters into the collimating lens 26. After the light
entering into the collimating lens 26 1s condensed onto a
light-sensing region of the light-sensing device 24 by the
collimating lens 26, and 1s converted into a photocurrent 1n
the light-sensing device 24, the photocurrent outputted from
the light-sensing device 24 1s finally inputted into another
device connected through the intermediate board 21, a printed
board or the like. Thus, in the optical-electrical transmission
device 2, communication between one device and the other
device 1s performed by optical transmission. Moreover, an
clectrical signal from one device connected to the female
connector 30 side propagates to the other device connected to
the male connector 40 side through the electrical 1ntercon-
nections 16 and 37 and the electrode pad 48, or an electrical
signal from the other device connected to the male connector
40 propagates to the one device connected to the female
connector 30 side through the electrode pad 48 and the elec-
trical interconnections 16 and 37. Thus, in the optical-elec-
trical transmission device 2, communication between one
device and the other device 1s performed by electrical trans-
mission.

In the embodiment, when the female connector 30 and the
male connector 40 are connected to each other, the ring-
shaped 1nclined surface 35B arranged corresponding to sur-
roundings ol the collimating lens 13 and the ring-shaped
inclined surface 47 A arranged corresponding to surroundings
of the collimating lens 26 come 1nto contact with each other,
and the positioning sections 35 and 47 fit into each other.
Thereby, even if each component constituting the female
connector 30 and the male connector 40 has a shape error or
a mounting error, displacement between the central axis of a
region surrounded by the inclined surface 35B and the central
axis of aregion surrounded by the inclined surtace 47A 1s able
to be reduced.

For example, in the case where the shape error or the
mounting error of each component constituting the female
connector 30 and the male connector 40 1s estimated as fol-
lows, the optical axis misalignment between the optical axis
AX2 of the collimating lens 13 arranged corresponding to
surroundings of the inclined surface 35B and the optical axis
AX1 of the collimating lens 26 arranged corresponding to
surroundings of the inclined surface 47A 1s approximately
+60 um at maximum. In the embodiment, optical transmis-
s10n between the male connector 40 and the female connector
30 1s performed by parallel light by the collimating lenses 13
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and 26, so even 1f the optical axis misalignment between the
optical axis AX2 of the collimating lens 13 and the optical
ax1s AX1 of the collimating lens 26 1s approximately £60 um,
light loss 1s able to be reduced to approximately 10% at most,
and optical transmission 1s performed with low loss. Like-
wise, displacement between the electrical interconnection 37
arranged corresponding to surroundings of the inclined sur-
face 35B and the electrode pad 48 arranged corresponding to
surroundings of the inclined surface 47A 1s able to be
reduced, so 1n the optical-electrical transmission device 2,
clectrical transmission between the female connector 30 and
the male connector 40 1s able to be performed together with
optical transmission.

Pattern formation precision of electrical interconnection 37:
+5 Lm

Position error between collimating lens 13 and positioning
section 35:; 5 um

Shape error of positioning section 35: £5 um
Mounting precision of positioning section 35: 10 um
Pattern formation precision of electrode pad 48: £5 um

Mounting precisions of light-emitting device 23 and light-
sensing device 24: £5 um

Position error between collimating lens 26 and light-emitting
device 23 or light-sensing device 24: zero

Shape error of positioning section 47 (in consideration of
deformation in a retlow step): £20 um

Mounting precision of positioning section 47: +5 um

Total: £60 um

Moreover, 1n the embodiment, the collimating lenses 13
and 26 each are arranged 1n a light-passing region, and are
different from a component needing a large occupied volume
such as an optical fiber. Therefore, a large number of colli-
mating lenses 13 and 26 are able to be used on surfaces of the
small positioning sections 35 and 37, thereby the number of
buses 1s able to be easily increased with little limitation.
Moreover, 1n the embodiment, the light guide 12 1s arranged
in a connector (the female connector 30) 1n which the light-
emitting device 23 or the light-sensing device 24 1s not
mounted, so 1t 1s not necessary to select a special material
having resistance to a high-temperature process for the light
guide 12, and a commonly-used material 1s able to be used.

Further, in the embodiment, the female connector 30 and
the male connector 40 are connected to each other in the
normal direction to the intermediate board 21, so an IC socket
structure widely penetrating in the mounting industry 1s able
to be used 1n the positioning sections 35 and 47. Therelore,
when the optical-electrical transmission device 2 according,
to the embodiment 1s used 1n an electronic device, there 1s an
advantage that enormous efforts to confirm performance, reli-
ability or the like are not necessary.

Moreover, 1n the embodiment, 1n the case where the inter-
mediate board 21 1s directly mounted on an LSI chip, the
length of an electrical line providing Coupling between the
light-emitting device 23 or the light-sensing device 24 and the
L.SI chip 1s able to be minimized. Thereby, 1t 15 easier to take
measures against noises of electrical signals or crosstalk, and
a light modulation rate 1s able to be improved.

Application Example

Next, the case where the optical-electrical transmission
devices 1 and 2 according to the above-described embodi-
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ments are applied to an electronic device 3 will be described
below. The case where the optical-electrical transmission
device 1 1s applied to the electronic device 3 will be described
below as an application example.

FIG. 10 shows a schematic configuration of the electronic
device 3 according to the application example. The electronic
device 3 includes an operation section 31 such as a keyboard,
a display section 32 such as a liquid crystal display, and a
connecting section 33 rotatably connecting the operation sec-
tion 31 and the display section 32 to each other. In the elec-
tronic device 3, the optical-electrical transmission device 1
performs communication between a device 34 and a device
35 by optical-electrical transmission, and as shown 1n FIG.
11, one female connector 20 1s connected to the device 34,
and the other female connector 20 1s connected to the device
35. Then, the male connectors 10 arranged on both ends of the
light guide 11 are connected to these two female connectors
20, respectively. Moreover, the light guide 11 and the tlexible
board 11 are arranged so as to penetrate through the connect-
ing section 33.

Thereby, for example, after one of the female connectors
20 of the optical-electrical transmission device 1 1s mounted
on the device 34, and the other female connector 20 of the
optical-electrical transmission device 1 1s mounted on the
device 35, and the devices 34 and 35 on which the female
connectors 20 are mounted are mounted on the electronic
device 3, when only the male connectors 10 of the optical-
clectrical transmission device 1 are connected to the female
connectors 20 mounted on the devices 34 and 35, the elec-
tronic device 3 capable of performing commumnication
between the device 34 and the device 35 by optical-electrical
transmission 1s able to be manufactured. Thus, 1n the appli-
cation example, the electronic device 3 1s able to be manu-
factured only by simple assembling steps, so the time or cost
necessary for manufacturing 1s able to be kept low.

It should be understood by those skilled 1n the art that
various modifications, combinations, sub-combinations and
alterations may occur depending on design requirements and
other factors insofar as they are within the scope of the
appended claims or the equivalents thereof.

What 1s claimed 1is:

1. An optical-electrical transmission connector being con-
nected to the other optical-electrical transmission connector,
the other optical-electrical transmission connector including,
one or a plurality of optical devices which include at least one
of a light-emitting device emitting light to one direction and a
light-sensing device sensing light from the one direction, one
or a plurality of first collimating lenses arranged 1n a light-
passing region where light emitted from or entering into the
one or the plurality of optical devices passes through, a first
positioning section having a ring-shaped first inclined surface
formed corresponding to surroundings of the first collimating
lens when viewed from the one direction, and one or a plu-
rality of first electrical transmission electrode pads formed
corresponding to surroundings of the first inclined surface
when viewed from the one direction, the optical-electrical
transmission connector comprising:

one or a plurality of second collimating lenses facing the
first collimating lens in the one direction when connect-
ing the optical-electrical transmission connector to the
other optical-electrical transmission connector;

a second positioning section formed corresponding to sur-
roundings of the second collimating lens and having a
ring-shaped second inclined surface, the second inclined
surface coming mto contact with the first inclined sur-
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face when connecting the optical-electrical transmission
connector to the other optical-electrical transmission
connector;

one or a plurality of light guides arranged corresponding to
the focal point of the second collimating lens; and

one or a plurality of second electrical transmission elec-
trode pads formed corresponding to surroundings of the
second inclined surface, and coming 1nto contact with
the first electrical transmission electrode pad when con-
necting the optical-electrical transmission connector to
the other optical-electrical transmission connector.

2. An optical-electrical transmission connector being con-

nected to the other optical-electrical transmission connector,
the other optical-electrical transmission connector including,
one or a plurality of first collimating lenses, a first positioning
section having a ring-shaped first inclined surface formed
corresponding to surroundings of the first collimating lens,
one or a plurality of light gmides arranged corresponding to
the focal point of the first collimating lens, and one or a
plurality of first electrical transmission electrode pads formed
corresponding to surroundings of the first inclined surface,
the optical-electrical transmission connector comprising:

one or a plurality of optical devices including at least one of
a light-emitting device emitting light to the first colli-
mating lens and a light-sensing device sensing light
from the first collimating lens when connecting the opti-
cal-electrical transmission connector to the other opti-
cal-electrical transmission connector;

one or a plurality of second collimating lenses arranged in
a light-passing region where light emitted from or enter-
ing into the one or the plurality of optical device passes
through:;

a second positioning section formed corresponding to sur-
roundings of the second collimating lens, and having a
second inclined surface arranged so that when the opti-
cal-electrical transmission connector 1s connected to the
other optical-electrical transmission connector, the sec-
ond inclined surface comes into contact with the first
inclined surface, and when the second inclined surface
comes 1nto contact with the first inclined surface, the
second collimating lens faces the first collimating lens;
and

one or a plurality of second electrical transmission elec-
trode pads formed corresponding to surroundings of the
second inclined surface, and coming nto contact with
the first electrical transmission electrode pad when con-
necting the optical-electrical transmission connector to
the other optical-electrical transmission connector.

3. An optical-electrical transmission device comprising:

a first optical-electrical transmission connector; and

a second optical-electrical transmission connector con-
nected to the first optical-electrical transmission connec-
tor,

wherein the first optical-electrical transmission connector
includes:

one or a plurality of optical devices including at least one of
a light-emitting device emitting light to one direction
and a light-sensing device sensing light from the one
direction;

one or a plurality of first collimating lenses arranged in a
light-passing region where light emitted from or enter-
ing 1nto the one or the plurality of optical devices passes
through;

a lirst positioning section having a ring-shaped first
inclined surface formed corresponding to surroundings
of the first collimating lens when viewed from the one
direction; and
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one or a plurality of first electrical transmission electrode
pads formed corresponding to surroundings of the first
inclined surface when viewed from the one direction;
and

the second optical-electrical transmission connector
includes:

one or a plurality of second collimating lenses facing the
first collimating lens 1n the one direction when connect-
ing the second optical-electrical transmission connector
to the first optical-electrical transmission connector;

a second positioning section formed corresponding to sur-
roundings of the second collimating lens, and having a
ring-shaped second inclined surface, the second inclined
surface coming into contact with the first inclined sur-
face when connecting the second optical-electrical
transmission connector to the first optical-electrical
transmission connector;

one or a plurality of light guides arranged corresponding to
the focal point of the second collimating lens; and

one or a plurality of second electrical transmission elec-
trode pads formed corresponding to surroundings of the
second inclined surface, and coming into contact with
the first electrical transmission electrode pad when con-
necting the second optical-electrical transmission con-
nector to the first optical-electrical transmission connec-
tor.

4. The optical-electrical transmission device according to

claim 3, wherein

the first collimating lens 1s arranged around the central axis
of aregion surrounded by the first inclined surface when
viewed from the one direction, and

the second collimating lens 1s arranged around the central
ax1s of a region surrounded by the second 1nclined sur-
face when viewed from the one direction.

5. The optical-electrical transmission device according to

claim 3, wherein

the first optical-electrical transmission connector includes
a plurality of the first collimating lenses,

the second optical-electrical transmission connector
includes a plurality of the second collimating lenses,

the first collimating lenses are arranged so as to be point-
symmetrical about the central axis of a region sur-
rounded by the first inclined surface when viewed from
the one direction, and

the second collimating lenses are arranged so as to be
point-symmetrical about the central axis of a region
surrounded by the second inclined surface when viewed
from the one direction.

6. The optical-electrical transmission device according to

claim 3, wherein

the first collimating lens 1s formed in contact with the
optical device.

7. The optical-electrical transmission device according to

claim 3, wherein

the first collimating lens 1s arranged on the optical device
with a predetermined gap 1n between.
8. The optical-electrical transmission device according to

claim 3, wherein

the first inclined surface 1s formed so that a region sur-
rounded by the first inclined surface 1s wider on a front
side and narrower on a back side when viewed from the
second optical-electrical transmission connector, and

the second inclined surface 1s formed so that a region
surrounded by the second inclined surface 1s wider on a
front side and narrower on a back side when viewed from
the first optical-electrical transmission connector.
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9. The optical-electrical transmission device according to

claim 3, wherein

the first positioning section and the second positioning
section each have a structure performing positioning in a
direction rotating about the central axis of a region sur-
rounded by the first inclined surface when viewed from
the one direction.

10. The optical-electrical transmission device according to

claim 3, wherein

the first positioning section and the second positioning
section each have a structure performing positioning in
the one direction.

11. An electronic device comprising:

an optical-electrical transmission device performing com-
munication between one device and the other device by
optical-electrical transmission,

wherein the optical-electrical transmission device
includes:

a first optical-electrical transmission connector connected
to the one device;

a second optical-electrical transmission connector con-
nected to the other device; and

a third optical-electrical transmission connector connected
to the first optical-electrical transmission connector and
the second optical-electrical transmission connector,

the first optical-electrical transmission connector includes:

one or a plurality of first optical devices including at least
one of a first light-emitting device emitting light to a first
direction and a first light-sensing device sensing light
from the first direction;

one or a plurality of first collimating lenses arranged in a
light-passing region where light emitted from or enter-
ing nto the one or the plurality of first optical devices
passes through;

a lirst positioning section having a ring-shaped first
inclined surface formed corresponding to surroundings
of the first collimating lens when viewed from the first
direction; and

one or a plurality of first electrical transmission electrode
pads formed corresponding to surroundings of the first
inclined surface when viewed {rom the first direction,

the second optical-electrical transmission connector
includes:

one or a plurality of second optical device mncluding at least
one of a second light-emitting device emitting light to a
second direction and a second light-sensing device sens-
ing light from the second direction;

one or a plurality of second collimating lenses arranged in
a light-passing region where light emitted from or enter-
ing into the one or the plurality of second optical devices
passes through;

a second positioning section having a ring-shaped second
inclined surface formed corresponding to surroundings
of the second collimating lens when viewed from the
second direction; and
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one or a plurality of second electrical transmission elec-
trode pads formed corresponding to surroundings of the
second inclined surface when viewed from the second
direction, and

the third optical-electrical transmission connector
includes:

one or a plurality of third collimating lenses facing the first
collimating lens 1n the first direction when connecting
the third optical-electrical transmaission connector to the
first optical-electrical transmission connector;

one or a plurality of fourth collimating lenses facing the
second collimating lens in the second direction when
connecting the third optical-electrical transmission con-
nector to the second optical-electrical transmission con-
nector;

a third positioning section formed corresponding to sur-
roundings of the third collimating lens, and having a
ring-shaped third inclined surface, the third inclined sur-
face coming into contact with the first inclined surface
when connecting the third optical-electrical transmis-
s1on connector to the first optical-electrical transmission
connector,

a fourth positioning section formed corresponding to sur-
roundings of the fourth collimating lens, and having a
ring-shaped fourth inclined surface, the fourth inclined
surface coming into contact with the second inclined
surface when connecting the third optical-electrical
transmission connector to the second optical-electrical
transmission connector;

one or a plurality of light guides arranged corresponding to
cach of the focal points of the third collimating lens and
the fourth collimating lens;

one or a plurality of third electrical transmission electrode
pads formed corresponding to surroundings of the third
inclined surface, and coming into contact with the first
clectrical transmission electrode pad when connecting
the third optical-electrical transmaission connector to the
first optical-electrical transmission connector; and

one or a plurality of fourth electrical transmission electrode
pads formed corresponding to surroundings of the fourth
inclined surface, and coming into contact with the sec-
ond electrical transmission electrode pad when connect-
ing the third optical-electrical transmission connector to
the second optical-electrical transmission connector.

12. The electronic device according to claim 11, further

comprising;

a connecting section between the one device and the other
device, the connecting section rotatably connecting one
member and the other member to each other,

wherein the one or the plurality of light guides are arranged
so as to penetrate through the connecting section.
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